Abstract : Gonadotropic hormones induce ovarian genes to achieve ovarian follicular development. In this study gonadotropin inducible genes were identified by a subtractive hybridization method. Among several hundred genes characterized so far, we identified a clone encoding a novel gonadotropin inducible gene. Nucleotide sequence of the clone was determined and the predicted protein designated P52 was comprised of 387 amino acids with six transmembrane domains and it showed 79% identity with a human putative transporter protein and about 20% identity with bacterial and yeast aromatic amino acid transporter proteins, suggesting that P52 is a novel member of transporter proteins. Northern blot analysis revealed that gene expression of P52 was observed only in the liver and the ovary. The gene expression was induced by PMSG (pregnant mare serum gonadotropin) with a maximal levels at 6 hrs after the stimulation. In situ hybridization study revealed that P52 mRNA was predominantly expressed in the granulosa cells. These observations suggest that a novel putative transporter protein designated P52 may participate in the gonadotropin induced development of ovarian follicles.
INTRODUCTION
Ovarian development is strongly promoted by exogeneously administered gonadotropic hormones1,2).
Especially PMSG (pregnant mare serum gonadotropin) is known as a strong inducer of follicular growth and is used as an ovulation induction reagent3).
Stimulation
of follicular growth by PMSG is accompanied by induction of various ovarian genes necessary for the follicular development4). Especially rapid activation by PMSG of certain genes in ovarian cells seems essential for the initiation of follicular growth. Although many ovarian genes, i.e., gonadotropin receptors5,6), steroid hormone synthesizing enzymes7), steroid hormone receptors8,9), inhibin or activin subunits10,11), are known to be induced during follicular development, little is known about genes that are rapidly induced and directly initiate the fol- obtained from human lung cancer cells with 79% identity in amino acid levels (Accession number U49082-1). P52 also showed a relatively low similarity with bacterial or yeast amino acid transporter proteins with about 20% identity13-17). This observation also confirms that P52 is a member of a family of amino acid transporter protein. P52 and the human putative transporter protein were optimally aligned (Fig. 3) . Northern blot analysis of P52 mRNA revealed two major transcript of about 3.6kb and 2.0kb, respectively, as shown in Fig.4A . The size of the small form of P52 transcript is compatible with that of the isolated P52 cDNA clone. Rat P52 mRNA levels were rapidly and strongly increased within 3 hours by the injection of PMSG in the ovaries of 21 day old immature rats. Difference in the induction of the two transcripts was observed. The 2.0kb transcript was induced faster than the 3.6kb transcript. Levels of both transcripts reached maximal at 6 hours after the PMSG stimulation. After longer periods of PMSG treatment, P52 mRNA levels decreased and declined to almost the basal levels at 24 hours. Tissue distribution of P52 was also examined by northern blotting using various rat tissues (Fig. 4B) . Hybridization was only observed for RNA prepared from the liver, indicating that P52 is a protein specific for the ovary and liver cells.
Cellular distribution of P52 mRNA in the ovary was examined by in situ hybridization. As shown in Fig. 5 , P52 mRNA was strongly induced in the granulosa cells of immature rat ovary stimulated with 30 IU of PMSG for 6 hours, the time at which P52 mRNA levels were markedly elevated. In the ovary of 21 day old rat, preantral as well as antral follicles of small or medium sizes were present. It is noteworthy that all the granulosa cells in each follicle seemed to be evenly stained regardless of the size of the follicles. When a section from the same PMSG stimulated immature rat ovary was hybridized with a sense probe, specific staining was not observed (data not shown). The prediction of transmembrane domain was made using a combination of several weight-matrices for scoring24). The results indicated that P52 consists of six transmembrane regions with a long N-terminal cytoplasmic domain and confirmed that P52 has a structural feature of membrane transporter proteins.
Database search for polypeptide functional sites of P52 revealed that P52 had a functional domain necessary for the transport of aromatic amino acids. Although the aromatic amino acid transport proteins commonly share a consensus sequence motif of I-G-
P52 has no such consensus sequence. This may reflect that P52 protein is a transporter protein but carries other than aromatic amino acids. Many transporter proteins have been characterized so far but not all of them can yet be identified with the kinetically defined transport systems. Further study has to be performed to characterize P52 protein in the transport systems.
Northern blot analysis revealed that P52 mRNA levels were rapidly and strongly increased within 3 hours by the injection of PMSG in the ovaries of 21 day old immature rats. P52 mRNA transcripts were also found in the liver but not observed in any other tissues. In situ hybridization revealed that P52 mRNA was located predominantly in the granulosa cells. These observations suggest that P52 protein may have an important role for the follicular development. During follicular development, oocyte in the follicle also grows rapidly by the stimulation of gonadotropins. The oocyte is known to actively incorporate low molecular weight substances, i.e., amino acids, sugars, nucleotides and so on, from surrounding granulosa cells through tight junctions between oocyte and granulosa cells. Therefore these small molecules in the oocyte are supplied from granulosa cells. Accordingly, gonadotropin stimulation induces gene expression of granulosa cell transporters, which facilitate the uptake of small molecules into granulosa cells. The small molecules transported into the granulosa cells may next be transferred to the oocyte to be used for further development. P52 is one of the candidate proteins which participate in such a process for the follicular development, although further study has to be done to elucidate questions regarding its function and physiological roles.
In conclusion, we have isolated and characterized a cDNA clone which was rapidly and strongly induced in the rat ovary by the stimulation with gonadotropin treatment. The cDNA clone encoded a novel membrane protein designated P52 that showed high homology with a human putative transporter protein and relatively low homology with bacterial and yeast aromatic amino acid transporter proteins. The P52 mRNA was predominantly expressed in the ovarian granulosa cells, suggesting that P52 may participate in the development of follicles as well as oocytes. 
